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Abstract: DLBS4847 is a standardized bioactive fraction of Curcuma mangga. In this study, 
we used prostate cancer (PC)-3 as the cell line to study the effects of DLBS4847 on prostatic 
cell viability, as well as related molecular changes associated with the decreased cell number. 
The observation revealed that DLBS4847 inhibited the growth of PC3 cells through downregula- 
tion of the 5a-reductase (5AR) pathway. At the transcription level, 5AR1 and androgen-receptor 
gene expressions were downregulated in a dose-dependent manner Furthermore, 5AR-1 and 
dihydrotestosterone expression were also downregulated at the protein level. A microarray study 
was also performed to see the effects of DLBS4847 on differential gene expressions in prostate 
cancer 3 cells. Among others, DLBS4847 downregulated genes related to prostate growth and 
hypertrophy. Our results suggested that DLBS4847 could potentially become an alternative 
treatment for prostate disorders, such as benign prostatic hyperplasia. In this regard, DLBS4847 
exerts its growth inhibition partially through downregulation of the 5AR pathway. 
Keywords: DLBS4847, Curcuma mangga, 5a-reductase inhibitor, benign prostatic 
hyperplasia (BPH), prostate cancer 

Introduction 

Benign prostatic hyperplasia (BPH) is one of the serious health problems affecting the 
prostate gland. It is an age- and male hormone-related condition that often appears in 
males over the age of 50 years. The prostate size increases due to hyperproliferation of 
stromal and epithelial cells of the prostate gland. The changes are caused by a complex 
cellular dysregulation, including changes in proliferation, differentiation, apoptosis, and 
senescence.' The increased size of the prostate in BPH usually leads to urinary outflow 
resistance, which is associated with obstructive and irritative lower urinary tract symp- 
toms. If BPH is not treated well, it may lead to acute urinary retention, renal insufficiency, 
urinary tract infection, gross hematuria, bladder stones, and renal failure.^-' 

It is widely believed that the development of BPH occurs because of a combination 
of two factors: testicular androgens and aging. Within the prostate gland, testosterone is 
converted to a more potent androgen - dihydrotestosterone (DHT) - by 5a-reductase 
(5 AR).* The expression level of 5AR is elevated in BPH, resulting in the enhancement 
of DHT production.' 

In addition to 5AR, BPH is also influenced by androgen receptor (AR) levels. AR 
plays a vital role in the development of prostate cancer, since it promotes growth and 
differentiation of the male urogenital structure.'' In the prostate, AR is mediated by 
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androgenic signals that primarily arise from extracellular 
sources, namely testosterone and adrenal glands. Further- 
more, testosterone passively diffuses across the prostate 
cell membranes, where it is converted into the more active 
metabolite, DHT, by the 5AR enzyme. DHT binds to the AR 
ligand-ligand binding domain with high affinity, inducing 
conformational changes that lead to the activation of prostate 
growth.' The other activation of AR is through the phospho- 
inositide 3-kinase (PI3K) pathway. Usually, phosphatase and 
tensin homologue that has been deleted on chromosome 1 0 is 
mutated in prostate cancer.'-^ Moreover, it leads to the activa- 
tion of Akt and AR. 

In the prostate diseases, there is an imbalance between 
prostate cell growth and apoptosis. This imbalance is com- 
plex, and influenced by factors that stimulate proliferation and 
minimize cell apoptosis, such as growth factors, cytokines, 
and steroid hormones.' BPH seems to be closely related with 
prostate cancer, because both diseases involve overgrowth 
of epithelial cells. 

Our laboratory have been investigating a number of 
natural products that can be further developed into medi- 
cal treatments.'""'^ As BPH is a major problem for elderly 
males, investigations on potential natural products for 
this treatment have been carried out mostly on Serenoa 
repens, otherwise known as saw palmetto."" DLBS4847 
is a standardized bioactive fraction of Curcuma mangga, 
another potential natural product. Here, we report on the 
molecular effects of a bioactive fraction of DLBS4847 
on gene and protein expression related to proliferation 
and apoptosis in vitro using the prostate cancer (PC)-3 
epithelial cell line. 

Materials and methods 

DLBS4847 preparation 
and characterization 

C. mangga was purchased from CV Pratama, Magelang, 
Central Java, Indonesia. This plant has been identified by the 
Herbarium Bogoriense, Research Center of Biology, Indo- 
nesian Institute of Sciences, with certificate 1261/IPH.1.02/ 
If 8/XII/2009. The extraction process was carried out by 
maceration using ethanol 70% (% volume/volume) with 
ratio 1:8 at temperatures of 50°C for 2-3 hours. Miscella 
was collected and concentrated by evaporation at low pres- 
sure using a rotary evaporator at temperatures of 55°C-60°C 
to obtain concentrate. The concentrate was subsequently 
dried at 60°C-70°C to obtain dry extract. This dry extract 
was referred to as bioactive fraction DLBS4847 for fiarther 
study. 



Cell culture and cell treatment 

The PC3 cell line was purchased from the American Type 
Culture Collection (Manassas, VA, USA). The cell was propa- 
gated into F-12 medium containing 10% fetal calf serum, 
and 1% penicillin/ streptomycin (Thermo Fisher Scientific, 
Waltham, MA, USA). For the in vitro cell-viability assay, 
2x10^ cells/mL were plated on 96-well plates (Iwaki, Tokyo, 
Japan), while for ribonucleic acid (RNA) isolation and fluo- 
rescence-activated cell-sorting (FACS) analysis, 2x10^ cells/ 
mL were plated until confluent. All cells were grown in F-12 
medium contain 1% penicillin/streptomycin (Thermo Fisher 
Scientific) without fetal calf serum. Cells were incubated at 
37°C, 5% COj, 24 hours prior to treatment. 

In vitro cell viability 

PC3 cells were treated with various concentrations of 
DLBS4847. After 24 hours of treatment, cell viability was 
observed using CellTiter 96® Aqueous nonradioactive cell- 
proliferation assay reagents (Promega, Fitchburg, WI, USA) 
following the manufacturer's protocol. 

FACS analysis 

After 24 hours of treatment, the PC3 cells were harvested. 
Then, the cell pellets were washed with phosphate-buffered 
saline. After being washed, cells were fixed with 300 jiL 
phosphate-buffered saline and 700 |J,L ethanol. The sample 
was incubated at 4°C for at least 24 hours. After incubation, 
the fixed cells were harvested to obtain pellets. Propidium 
iodide (1 mL) was added to the pellets, and these were incu- 
bated again for 30 minutes in dark conditions. Subsequently, 
the sample was run in a FACS machine (Falcon^M; BD Bio- 
sciences, San Jose, CA, USA) and the result analyzed with 
the CellQuest"'''^ program (BD Biosciences). 

RNA analysis 

Total RNA was extracted using TRIzol® reagent (Thermo 
Fisher Scientific) according to the manufacturer's protocol. 
The RNA concentration was quantified using NanoDrop 
2000c spectrophotometer (Thermo Fisher Scientific). The 
expressions of several target genes of this study {5AR1, AR, 
and PIS) were determined using a quantitative real-time 
polymerase chain-reaction (PCR) assay in 25 jiL reaction 
consisting of 12.5 |ll iQ™ SYBR® Green Supermix (Bio-Rad 
Laboratories, Hercules, CA, USA), 0.8 |J.M of each targeted 
primer, and 0. 1 |aM of each internal control primer (P-actin). 
The quantitative real-time PCR was performed using a Mini 
Opticon MJ Mini™ (Bio-Rad) in optimum conditions for 
each primer. The primers used in this study were (F, forward; 
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R, reverse): 5AR-1 F, TGCTGATGACTGGGTAACAG; 
5AR-1 R, GTTGGCTGCAGTTACGTATTC; 
AR F, CCTGGCTTCCGC-AACTTACAC; AR R, 
GGACTTGTGCATGCGGTACTC; PI3 F, 
CCC-CTCC ATC AACTTCTTC A; PI3 R, 
CGGTTGCCTACTGGTTCAAT; P-actin F, AGA- 
GGGAAATCGTGCGTGAC, and P-actin R, 
CAATAGTGATGACCTGGCCGT. 

Western blotting of DHT and 5AR-I 

Secreted DHT and 5AR-1 in the medium were analyzed by 
Western blot (Bio-Rad). Protein was isolated using either 
lysis buffer ( 1 50 mM NaCl, 20 mM Tris, 1 0% glycerol, 0.1% 
sodium dodecyl sulfate, 1 mM ethylenediaminetetraacetic 
acid, supplemented with protease-inhibitor cocktail) or 
using TRIzol. Protein concentration was measured using 
the Bradford method. Further, the protein was separated by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
using 10% acrylamide gels at 100 V for 150 minutes. The 
protein in the gel was then transferred onto polyvinylidene 
difluoride membranes using a blotting system at 500 mA 
for 75 minutes. Rabbit or goat polyclonal antibodies (1 :500) 
against human DHT (Abeam, Cambridge, UK), 5AR-1 
(Santa Cruz Biotechnology, Dallas, TX, USA) and AR (Santa 
Cruz Biotechnology) were applied to the membrane. As for 
the internal control, 1 :500 antibodies against tubulin or actin 
were used. After overnight incubation at 4°C, the primary 
antibodies were removed and replaced with horseradish 
peroxidase-conjugated secondary antibodies (1:2,500). The 
DHT, 5 AR- 1 , and AR proteins that specifically bound to the 
antibodies were detected using luminol chemiluminescence 
reagent and revealed by film (Fujifilm, Tokyo, Japan) in a 
dark room or using gel documentation (Bio-Rad). The pri- 
mary and secondary antibodies, polyvinylidene difluoride 
membranes, and luminol reagent were purchased from Santa 
Cruz Biotechnology. 

DHT assay 

The effects of DLBS4847 on in vitro DHT measurement assay 
were performed using an enzyme-linked immunosorbent assay 
(ELISA) kit (Alpha Diagnostic International, San Antonio, 
TX, USA) according to the manufacturer's protocol. 

Microarray study 

Total RNA was isolated from the cells using TRIzol reagent 
following the manufacturer's protocol. The isolated RNA 
concentration was counted using spectrophotometer (Bio- 
Spec Mini; Shimadzu, Kyoto, Japan), while RNA quality was 



inspected using a 2100 Bioanalyzer (Agilent Technologies, 
Santa Clara, CA, USA). Isolated RNA was further processed 
according to the manufacturers' protocols of Affymetrix 
Inc. (Santa Clara, CA, USA) and NuGen Technologies (San 
Carlos, CA, USA). RNA (100 ng) was reverse-transcribed to 
hybrid deoxyribonucleic acid (cDNA) and became a template 
to make double-stranded cDNA with a DNA-RNA hetero- 
duplex in one of its upstream/downstream ends. Amplifica- 
tion was done using single-primer isothermal amplification 
(SPIA), which produced single-stranded antisense DNA. 
cDNA from SPIA was fragmented and labeled with biotin, 
and then it was hybridized using GeneChip* human gene 1 .0 
ST arrays (Affymetrix) for 18 hours at 45°C with 60 rpm 
rotation. Arrays were then washed and stained using the 
FS450_007 fluidics protocol and scanned using an Affyme- 
trix 3000 76 scanner. Data analysis to observe the changes in 
gene expressions was done using Partek® Express™ (Partek, 
St Louis, MO, USA). Those changes were then sorted from 
highest to lowest. The highest and lowest 50 genes were 
sorted, selected, and analyzed to determine the relation- 
ship of genes and their biological pathways (done using the 
Reactome database). 

Statistical analysis 

The statistical differences between the test and control 
samples were determined by Student's t-test using the Stat- 
View software package (Abacus Concepts, Piscataway, NJ, 
USA). Values are expressed as means + standard deviation 
for at least two independent experiments. 

Results 

DLBS4847 reduces prostate cell viability, 
and its effect on phases of the cell cycle 

BPH involves hyperplasia (increase in cell numbers) of pro- 
static stromal and epithelial cells, resulting in the formation 
of large, fairly discrete nodules in the periurethral region 
of the prostate. In order to study the activity of DLBS4847 
as a growth inhibitor, cell viability assay using a 3-(4,5- 
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4- 
sulfophenyl)-2H-tetrazolium reagent assay was performed on 
PC3 cells. PC3 cells that had been grown on 96-well plates 
were treated in a serum-free condition, and then DLBS4847 
with dosages of 50, 100, 150, and 200 jig/mL was added to 
the cells. A cell-viability assay showed a dose-dependent 
growth inhibition of PC3 cells (Figure 1). Significant cell- 
growth inhibition (_P<0.05) started to be seen at the dose 
of 50 |J,g/mL. Cell numbers started to plateau at the dose of 
200 |J,g/mL DLBS4847, at which dose cell numbers were still 
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Figure I Cell-viability assay conducted in prostate cancer 3 cells treated with 
DLBS4847 at various concentrations for 24 hours. Values are expressed as means ± 
standard deviation of two independent experiments. 
Note: *P<0.05. 



decreased 72% when compared to the control. These data 
suggested that DLBS4847 conferred a significant growth- 
inhibitory capacity in PC3 cells. 

Following the investigation of cell viability, phases of 
the cell cycle for cells treated with DLBS4847 were also 
observed. PC3 cells were treated with various concentra- 
tions of DLBS4847, ranging from 50 to 200 |lg/mL. Cell 
cycles were investigated using FACS apparatus after 24 
hours' treatment. Cell-cycle distribution analysis showed 
that the distribution of the G„ phase was increased by the 
administration of DLBS4847 in a dose-dependent manner 
(Figure 2). The complete cell-cycle phase was still seen with 
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Figure 2 (A and B) Cell-cycle analysis performed in prostate cancer 3 cells after 24 hours' treatment. (A) Peak distribution of phases G^, G|, S, and GJM, with control (a), 
50 |ig/mL of DLBS4847 (b), 1 50 (Ig/mL of DLBS4847 (c), and 200 Hg/mL of DLBS4847 (d). (B) Percentage of cell population in phases G^,, G,, S, and G^/M in each DLBS4847 
concentration. 



submit your manuscript | www.dovepress.com 

Dovepress 



Cancer Management and Research 2014:6 



Dovenress 



DLBS4847 as a downregulator of Sa-reductase activity pathways 



50 )ig/mL DLBS4847; however, accumulation of cells in the 
G(, phase started to appear during this condition. At higher 
doses of DLBS4847, the Gj, S, and GJM phases disappeared, 
while at 200 |J,g/mL only cells in the phase were seen to 
accumulate. The fact that the G^ phase increased through 
dosages of 0-200 |ig/mL of DLBS4847 indicated that the 
number of cells undergoing apoptosis had increased, and at 
the same time inhibition of PCS cell growth also occurred. 

DLBS4847 down regulates 5AR,AR, 
and PI3K genes in transcription levels 

In order to investigate the 5 AR downregulating activity path- 
ways, the effects of DLBS4847 on 5AR1,AR, and gene 
expressions were studied. DLBS4847 was administered to 
PC3 cells at various concentrations: 0, 50, 100 and 150 |J,g/mL. 
After being treated for 24 hours, RNA was isolated and used 
for real-time PGR analysis. The result revealed that gene 
expression of 5AR1 decreased along with the increase in 
DLBS4847 concentrations (Figure 3A). Decreased expres- 
sion of 0.44-fold occurred at the concentration of 50 |J,g/mL 
of DLBS4847, and continued to decrease to 0.19-fold at the 
concentration of 150 |J,g/mL of DLBS4847 compared to the 
control. In addition, AR gene expression was also observed, 
and it was found that this expression decreased in a dose- 
dependent manner (Figure 3B). AR gene expression at the 
concentration of 50 |J.g/mL of DLBS4847 decreased by 0.24- 
fold compared to control, and it was lost at the concentration 
of 1 50 |J,g/mL of DLBS4847. The decreasing pattern ofSARl 
wdAR gene expressions indicated that DLBS4847 inhibited 
the development of prostate via the 5AR downregulating 
pathway by reducing the formation of DHT and DHT-AR. 

Besides the testosterone pathway, observation was con- 
tinued in normal cell-growth pathways that might be affected 
by DLBS4847. In order to study these possibilities, PBK 
gene expression was observed, and it was found that gene 
expression was also decreased (Figure 3C). The observa- 
tion was done using the same protocol of the 5AR1 and AR 
experiments. Decreased expression of 0.39-fold also occurred 
at the concentration 50 |J,g/mL DLBS4847, and decreased to 
0. 19-fold at the concentration of 1 50 |ig/mL DLBS4847 com- 
pared to the control. In this study, the results indicated that 
DLBS4847 inhibits the development of the prostate through 
testosterone and normal cell-growth pathways. 

DLBS4847 decreases DHT levels 

To study the activity of DLBS4847 as a 5AR downregulating 
pathway in protein levels, qualitative and quantitative protein 
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Figure 3 (A-C) DLBS4847 inhibited the development of the prostate by 5AR 
downregulation and a normal cell-growth activity pathway at the messenger ribonucleic 
acid (mRNA) level. Prostate cancer 3 cells were treated with various concentrations 
of DLBS4847 for 24 hours. Gene expressions were studied using real-time polymerase 
chain-reaction analysis, and the amount of each mRNA was normalized to P-actin 
mRNA levels. (A) DLBS4847 reduced 5AR- 1 gene expression in a dose-dependent 
manner. (B) DLBS4847 reduced AR gene expression in a dose-dependent manner. 
(C) DLBS4847 reduced PBK gene expression in a dose-dependent manner. Values are 
expressed as means ± standard deviation of two independent experiments. 
Note: *P<0.05. 



assays were studied. Qualitative studies were done using West- 
em blot analysis. Three types of proteins were investigated: 
5AR-1, DHT, and AR. PC3 cells were treated with various 
concentrations of DLBS4847 ranging from 0 to 150 |a,g/mL for 
24 hours. The protein assay was conducted using Western blot 
analysis. Analysis revealed that the expression level of 5AR-1 
was reduced. Expression levels were significantly reduced in 
the sample treated with 100 |ig/mL of DLBS4847 (Figure 4A). 
Furthermore, 5AR-1 protein is an enzyme that converts testos- 
terone to DHT. To confirm those reductions by 5AR-1 activity. 
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Figure 4 {A and B) DLBS4847 inhibited the development of the prostate via the 5AR downregulation pathway at the protein level. Various concentrations of DLBS4847 ranging 
from 0 to 150 jig/mL v^ere applied to prostate cancer (PC)-3 cells for 24 hours. Protein v/ithin PC3 cells was isolated and used as a sample in Western blot analysis. (A) 5AR-I 
protein levels. (B) Dihydrotestosterone (DHT) protein levels. (C) Androgen receptor (AR) protein levels. The relative quantity of protein levels was compared to the control. 



DHT protein levels were also observed. We found that DHT 
protein was reduced as well (Figure 4B). Moreover, AR (DHT 
receptor) protein levels were also observed. Observations 
revealed that with 50 lig/mL of DLBS4847, AR levels were 
also reduced (Figure 4C). Furthermore, AR was not detected 
in the sample treated with 100 [ig/mL of DLBS4847 (data not 
shown). These results showed that the DLBS4847 could reduce 
the production of DHT via downregulating the 5AR-1 protein 
and also its receptor (AR). 

DLBS4847 was studied to look into inhibition of the 
production of DHT; DHT levels were observed quanti- 
tatively using an ELISA kit. PC3 cells were treated with 
8.8 |J,g/mL testosterone as control, 8.8 |J,g/mL testosterone 
with 150 jig/mL DLBS4847 as the test substance, and 



8.8 |J,g/mL of testosterone with 2 |J.g/mL finasteride as a 
positive control. Untreated PC3 was also used as a negative 
control. Treatment was carried out for 24 hours. Proteins were 
isolated from the PC3 cells and used as samples in the DHT 
ELISA assay. The assay was conducted to investigate DHT 
levels within cells after treatment with DLBS4847. PCS 
cells that had been treated with testosterone had increased 
DHT levels: mean 995.63 pg/mL. PC3 cells that were treated 
with DLBS4847 had lower DHT levels - mean 46.84 pg/mL 
(Figure 5) - whereas the mean DHT level of PC3 cells that 
were treated with finasteride was 217.34 pg/mL. These obser- 
vations indicated that downregulation of the 5AR pathway 
by DLBS4847 not only occurred in gene-expression levels, 
but also in protein levels. 
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Figure 5 Enzyme-linked immunosorbent assays of dihydrotestosterone (DHT) 
protein levels were conducted with treatment of prostate cancer 3 cells with/ 
without testosterone and with DLBS4847 or finasteride added for 24 hours. Values 
are expressed as means + standard deviation of two independent experiments. 
Note: *P<0.05. 



Microarray 

In order to confirm the activity of DLBS4847 as a 5 AR down- 
regulator, microarray analysis was conducted. The treated 
group was divided into two groups: DLBS4847-treated PC3 
cells with doses of 100 |J,g/mL and 150 jig/mL. Cells were 
treated for 24 hours, and then the RNA was subsequently 
subjected to microarray analysis. Analysis revealed that the 
5AR1 gene was not downregulated. However, the other 5AR 
gene, ie, 5AR2, and the AR gene were downregulated insig- 
nificantly: only - 1 . 1 2 fold (P=0.05) and - 1 .03-fold {P=0.05), 
respectively. The other genes that were observed with microar- 
ray analysis were genes involved in MAPK pathways. Those 
genes were GF, GFR, PI3K, RAS, RAF, AKT, and MEK. 
Those genes were also downregulated, though not significantly 
(P=0.05) (Table 1). Therefore, from this microarray study, it 
can be concluded that the 5AR and MAPK pathway genes 
were not downregulated significantly. These results might be 
due to the number of samples. Samples were carried out in 
duplicate, and thus if the number of samples was increased, 
the result could be more representative. 



Table I Fold change (control versus treated) of 5AR and MAPK 
gene pathways (cutoff value for 5% significance =0.00296) 



Genes 


P-value 


Fold change 


5AR-2 


0.259 


-1.12 


AR 


0.695 


-1.03 


GF 


0.027 


-1.71 


GFR 


0.248 


-I.I 1 


PtSK 


0.916 


-I.OI 


RAS 


0.078 


-1.09 


RAF 


0.0! 1 


-1.33 


AKT 


0.018 


-1.29 


MEK 


0.162 


-1.17 



The microarray study revealed that there were other path- 
ways that might be affected by DLB S4847 . All genes were sorted 
by fold-change rank from highest to lowest. Furthermore, the 20 
highest and lowest gene-expression levels were taken. Hereafter, 
the list was sorted to only several genes that contained certain 
pathways and then analyzed using Reactome ( http://www.reac- 
tome.org ') to find pathway relations. The sorted hst revealed that 
there were several genes that up- and downregulated but have not 
been observed further. Upregulated genes were NPYIR, NETl, 
and F2RLI (GPCR downstream pathway), MGAT5 (asparagine 
A'-linked glycosylation), SLC14A1 (SLC-mediated membrane 
transport), 5B4i?C (hemostasis), SKP2 (APC/C-mediated deg- 
radation of cell-cycle proteins), and MAT2A (biological oxida- 
tions). The downregulated genes were HMOXl (iron uptake and 
transport), DDIT, IL8, md ATF3 (diabetes pathway), SC4M0L, 
HMGFCSl (cholesterol biosynthesis), CDC6 (cell-cycle 
checkpoints), ZFP36 and HSPAIB (messenger RNA [mRNA] 
stability), PLIN2 (metabohsm of lipids and lipoproteins), HGF 
(hemostasis), CXCL2 (GPCR downstream signaling), UGDH 
and GCLC (biological oxidations), IL6 (cytokine signaling in 
immune system), and UPPl (metabolism of nucleotides). A list 
of most upregulated and downregulated genes can be seen in 
Tables 2 and 3 , respectively. This interesting observation from the 
microarray study could lead to another mechanism that occurs 
during DLBS4847 treatment. These findings may even lead to 
the possibility of using DLBS4847 for other indications. 

Discussion 

Nowadays, drugs from natural sources are being considered as an 
alternative approach for chemical drugs and medical therapies. 
Research and development of these naturally sourced drugs is 
getting more and more popular. Common medical treatments for 
BPH currently available are medical therapies or surgical action; 
therefore, we attempted to make an alternative drug to cure BPH 
using natural sources. Medical therapies are administered using 
a-blockers and 5AR inhibitors, while surgical action has likely 
become the last option, since most patients prefer to undergo 
medical therapies first.'' However, an alternative treatment for 
BPH using phytotherapy is getting more attention, due to the fact 
that it is nonhormonal, nonneuropharmacological, and nontoxic.'* 
Phytotherapeutic drugs including Pygeum africanum, Serenoa 
repens, [3-sitosterol, and Cemilton are widely used to treat BPH. 
Therefore, this study was conducted to find a medical drug from 
a phytotherapeutic perspective as another alternative treatment 
for BPH, besides chemical drugs and medical therapies. 

We demonstrated that DLBS4847 acts as a growth inhibi- 
tor of BPH. Growth-inhibiting activity was demonstrated with 
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decreased numbers of PC3 cells after DLBS4847 adminis- 
tration (Figure 1). This activity was also shown in cell-cycle 
analysis, when the G,, phase increased in a dose-dependent 
maimer (Figure 2). These two results suggest that DLBS4847 
as a bioactive fraction could be used as BPH treatment via 
growth inhibition. In BPH, the prostate gland is swollen and 
interrupts the urinary system. DLBS4847 treatment was seen 
to reduce BPH symptoms and the size of the prostate, which 
in the end could improve patient quality of life. Moreover, 
the administration of DLBS4847 to PCS cells indicated 
that DLBS4847 could also be a potential treatment to fight 
against prostate cancer through inhibition of cell growth. This 
potential activity could become an alternative for patients 
with prostate cancer instead of undergoing prostate gland 
castration. More studies are required to observe DLBS4847 
for prostate cancer therapy. 

In this study, BPH treatment was our main focus; therefore, 
growth-inhibiting activity via 5AR was studied. The growth 
and maintenance of the prostate cell is regulated by the potent 
androgen 5a-DHT." DHT is the converted form of testoster- 
one when it is taken up by the cell. The conversion is needed, 
because the testosterone in DHT form has a greater affinity 
for the AR.^" The conversion is done by 5AR isozymes.^' Our 
study revealed that the growth-inhibiting activity occurred 
via downregulation of 5AR enzymes. There are two types of 
5AR enzymes; 5AR-1 and 5AR-2. These two isozymes have 
different optimum pH and gene regulators. Moreover, the 
genetic expressions of those two enzymes are also different. 
Their genes are expressed more in a BPH model compared 
to a normal model, but in prostate cancer only 5AR-1 is 
expressed more than 5AR-2.^''-^^'^' In this study, PC3 cells 
were used as a cell model; therefore, 5AR-1 expression was 
observed for mRNA analysis. Investigation of the expression 
of 5 AR- 1 revealed that expression was reduced by DLBS4847 
at both the mRNA and protein levels (Figures 3A and 4A). 
DHT (product of 5 AR enzymes) activity levels were reduced 
as well (Figure 5). This result suggests that DLBS4847 could 
be a substitute for 5AR-inhibiting drugs. 

A recent study showed that 5AR inhibitors are one of 
the drugs that could reduce prostate-related disease risk. 
Within the prostate, testosterone was converted to the more 
potent androgen, DHT, by SAR.'' Expression levels of 5AR 
are elevated in BPH and prostate cancer, resulting in the 
enhancement of DHT production and overexpression of AR,^ 
and thus the consequence is the prostate could overgrow. 
5AR inhibitors could block DHT production, leading to 
reduced cell growth. Finasteride is an example of a 5AR- 
inhibitor drug. 
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In this study, we used finasteride, an approved medicine 
for BPH treatment, as a positive control. It was shown that 
DLBS4847 worked similarly to finasteride, and worked even 
better than finasteride (Figure 5). In the Prostate Cancer 
Prevention Trial, finasteride was observed to be effective in 
preventing prostate cancer. The study showed that finasteride 
reduced the risk of prostate cancer by 24.8%.^''"^* Further- 
more, since DLBS4847 has similar activity to finasteride, 
this study indicates that there is a possibility for DLBS4847 
to prevent prostate cancer and be developed as a novel agent 
for such treatment. 

Since the 5 AR pathway ends in DHT binding to the AR to 
initiate prostate growth, we analyzed ^i? gene expression as 
well. AR also plays a vital role in the development of prostate 
cancer. It promotes the growth and differentiation of the male 
urogenital structure.* DHT binds to the AR ligand-ligand 
binding domain with high affinity, inducing conformational 
changes that lead to activation.' We showed that DLBS4847 
downregulated AR gene and protein expression (Figures 3B 
and 4C). This observation also suggests that DLBS4847 
could inhibit DHT production and reduce the opportunity 
for DHT to bind to the AR. Moreover, with less DHT-AR 
binding, the activation of cell growth would be reduced as 
well. This double mechanism of action of DLBS4847 in 
the 5AR pathway could be effective in inhibiting excessive 
prostate growth. 

DLBS4847 was further studied to find other possible 
pathways that could downregulate AR. In order to observe 
other possibilities, cell growth via the PI3K pathway was 
investigated. In this initiation study, it was shown that 
DLBS4847 reduced PI3K gene expression (Figure 3C). A 
previous study revealed that AR gene expression was regu- 
lated by Akt,' which is involved in such cellular processes 
as proliferation, and activated by PI3K. Unchecked PI3K 
could lead to continuous activation of Akt, prompting sur- 
vival/apoptosis evasion, proliferation, and cell growth. PI3K 
activity was checked via the phosphatase and tensin homo- 
logue, which is most frequently mutated in human cancers.* 
The result suggests that DLBS4847 could help to reduce 
PI3K activity, which could lead to downregulated AR gene 
expression. In addition, DLBS4847 inhibited cell growth via 
downregulation of 5 AR that was linked with downregulation 
of the PI3K pathway. 

We also conducted a microarray analysis to do further 
study on the mechanisms of action of DLBS4847 in PC3 
cells. This analysis revealed that most genes that are involved 
in the 5 AR and PI3K pathways were downregulated, but not 



significantly. This may have been due to the limited sample 
numbers used. Although most of the 5AR and PI3K genes 
were insignificantly downregulated, we found that there were 
certain other genes in other pathways that were up/down- 
regulated by DLBS4847 (Tables 2 and 3). Those genes are 
related with other pathways, including hemostasis, diabetes, 
and the cell-signaling immune system. This result suggests 
that DLBS4847 might be used to treat other diseases. 

However, we also found interesting gene expression 
that we were not aware of previously. Those genes are IL6 
and IL8, and were downregulated by DLBS4847. IL-6 is a 
cytokine that is produced by prostate cells in vitro and in 
vivo.^' A recent study suggested that DLBS4847 may work 
specifically for the prostate gland. The study also revealed that 
AR was activated by IL-6.^* This observation suggested that 
downregulation of AR gene expressions may occur with the 
downregulation of IL-6 expression, affected by DLBS4847. 
Meanwhile, in another study, IL-6 may also have caused 
phosphorylation of STAT3, MAPK, and PDK.^' This recent 
study may correlate with our results of PI3K genes being 
downregulated in real-time PCR analysis. Downregulation 
of those PI3K genes may happen because IL-6 was down- 
regulated. This observation suggests that IL-6 was affected, 
so that PI3K genes were further affected, which led to down- 
regulation of AR expression. 

Another recent study also revealed that IL-8 promoted 
AR activation.^' Microarray analysis showed that IL8 gene 
expression was also downregulated significantly. This result 
indicates that the downregulation of AR genes may occur 
through IL-6 and IL-8 being affected by DLBS4847. There- 
fore, more studies about the interactions of IL-6, IL-8, and 
DLBS4847 are needed. The IL6 and IL8 genes were also 
correlated with prostate cancer: they were found elevated 
in sera from patients with prostate cancer.^' Therefore, 
DLBS4847 could be a good potential approach for prostate 
cancer treatment. 

In conclusion, DLBS4847 has potential for BPH 
treatment. This study has demonstrated that DLBS4847 
downregulates 5AR (Figure 6). DLBS4847 also reduced 
prostate proliferation by downregulatingj4i? gene expression. 
Since DLBS4847 has two mechanisms of action, inhibition of 
excessive prostate growth could be more effective. In addi- 
tion, DLBS4847 also shows that it is a promising candidate 
for prostate cancer and other hemostasis-, diabetes-, cell- 
signaling, and immune system-related diseases. However, 
further study is needed to ensure the safety of this substance 
before it can be applied for human use. 
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Figure 6 DLBS4847 inhibited prostate growth via down regulation of 5AR pathways. (A) Schematic of benign prostatic hyperplasia (BPH). (B) Schematic of DLBS4847 actions 
as BPH treatment. 

Abbreviation: DHT, dihydrotestosterone. 
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